The pseudo-dihedral angle used as reaction coordinate was dened by four centers of mass illustrated in Figure S2 . Each of the centers consisted of the heavy atoms of several nucleotides to optimally distribute the restraining forces on many atoms. Test simulations indicated that this minimizes the local perturbation of the structure during the umbrella sampling simulations.
Denition of a pseudo-dihedral angle for damage ipping
The pseudo-dihedral angle used as reaction coordinate was dened by four centers of mass illustrated in Figure S2 . Each of the centers consisted of the heavy atoms of several nucleotides to optimally distribute the restraining forces on many atoms. Test simulations indicated that this minimizes the local perturbation of the structure during the umbrella sampling simulations.
Convergence of Umbrella Sampling Simulations
Contribution of restraining two neighboring thymines for the simulation of undamaged DNA The free energy contribution of the distance restraint between the two thymine bases during umbrella sampling was calculated using free energy perturbation. It was accomplished by running simulations in the absence of the restraint and treating the application of the restraining potential as a perturbation. To improve the accuracy the Bennett acceptance ratio (BAR) method * Corresponding author. Tel.: +49 89 289 12335, Fax.: +49 89 289 12444 E-mail: martin.zacharias@ph.tum.de [1] was employed. For most umbrella simulation windows the calculated contribution was less than 1 kcal/mol (average: 0.47 kcal/mol, Figure S4a ). As a further control the free energy along the reaction coordinate was calculated for the protein-bound case using dierent types of restraints and one series of simulations without restraints on the thymine bases ( Figure S4b ).
The calculated curves deviated from a mean free energy curve by less than 1 kcal/mol.
Diusion constant along the reaction coordinate
In addition to the free energy change, the diusivity proles along the onedimensional reaction coordinate were calculated (shown for the case of ipping the CPD damage in the presence of the repair enzyme, Figure S5 ).
To check the H-REUS sampling simulation for convergence, we split the output les of the measurements of the specic reaction coordinate into 5 time intervals and calculated the PMF for each of those time intervals separately.
By plotting the resulting free energy curves trends and convergence can be checked for the US simulations (see Figure S3 ). As a second control the inuence of the distance restraint on the free energy along the reaction coordinate was directly calculated using dierent types of restraints and one series of simualtions without restraints on the thymine bases. consecutive US intervals.
